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everal nurses, without respiratory protection, attempted to wash concentrated sodium hypochlorite off a victim and developed acute respiratory distress.
• A victim of chlorine inhalation died from pulmonary edema because no one recognized this potential delayed effect of the chemical.
• A nurse was overcome from a single inhalation of hydrogen sulfide when she stooped down to examine a collapsed employee . While most occupational health nurses are trained to provide emergency care in medical and trauma events, they may not be prepared and equipped to handle a chemically contaminated employee. In their efforts to provide rapid nursing intervention, ABOUT THE AUTHOR:
MANUSCRIPT EDITOR:
276 some occupational health nurses have become victims of hazardous materials exposures . Hazardou s materials events necessitate change s in many employee procedures. By understanding employee care requirements in acute chemical exposures and by planning for hazardous materials events specific to the comp any facility, essential emergency procedures can be provided safely.
SCENE SURVEY
Health care providers know to gain rapid access to the employee and begin emergency care measures for life threatening conditions. In hazardous materials incidents, this changes. One must fir st determine that the area is safe to enter before approaching the victim.
Toxi c chemical environments are not always apparent. Some toxic materials have no warning properties , such as visibility or odor. Others , such as hydrogen sulfide, produce rapid loss of sense of smell. By the time chemicals are detected, exposure may have already occurred.
One must be familiar with the facility and the hazardous materials that are on site to recognize their presence, identify them in an emergency response, and plan ahead for the proper protocols and equipment. The occupational health nurse can get thi s information through plant tours , review of the hazardous materials inventory, consultation with knowledgeable persons, and participation in process safety reviews and general safety committees .
When responding to an outdoor event , the occupational health nurse should approach from upwind and uphill. If the exposure is indoors, it is essential to keep in mind direction of ventilation and keep the airflow coming from behind. It is important to try to identify the presence of hazardous materials from a distance by noting location and looking for typical container shapes or labels with hazardous materials symbols, markings, and colors.
To avoid chemical contamination and exposure, personal protective equipment must be used when entering hazardous environments or when providing care to the contaminated employee. Certain chemical s requ ire specific prote ction, such as tot all y encapsulated chemical suits and self contained breathing apparatus . No one type of protection is effecti ve with all c he micals. Oc cupational health nurse s must not attempt to enter contaminated areas unl e ss they have received proper training in hazardous materials response and rescue .
When approaching the victim, it is important to be alert for confined spaces . The se are are as not de signed for co ntinuous human occupancy, such as chemical tank s, rail cars, tunnel s, boilers, pit s, or ventilation and exhaus t du ct s. They may not be obvi ous and may be unmarked . They usually have little or no ventilation, with limited entry and exit openings . Even th ough they m ay not look dangerou s, they ma y co ntain tox ic , flammabl e, or oxygen defi cient atmo sph ere s (Te r p i n, 199 3). Unles s the ca re provider has had co nfined space entry and rescue training, the vic tim will have to be re scu ed by tho se w ho have the training and delivered to a safe area for initiation of health care, per OSHA 29 CFR 1910.146.
PERIMETER CONTROL ZONES
A major hazardous materiaLs incident is zoned to control expo sure potential. The Hot Zon e, or Exclusion Zone, is the area where exposure can occur. A victim in the Hot Zone expos ed to a hazardous materials release must be moved before asse ssment and treatment measures can be Most occupatio nal health nurses provide employee care after the employee is transferred to the Cold Zone. One problem to anti cipate and plan for is the movement of the Hot Zone, in the form of a contaminated victim walking unannounced into the occupational health facility. The ambulatory co ntaminated victim poses a risk of contamination to the facility and personnel (Hau, 1994 ) . Also, hazardous materials event s are very dynamic and can result in a sudden and sign ific ant change in control zone boundaries. In smaller incidents, formal control zones may not be laid out. However, preventing the spread of contamination and the need for personal protective equipment are still important consideration s.
EMERGENCY CARE PRIORITIES
Goal s include remov ing the employee from danger, eliminating exposure to the employee, obtaining speci fic chemica l produ ct information, and provid ing employee treatment without jeopardizing the safety of emergency personnel. Rescue and health care personn el must wear protecti ve equipment and perform special decontamination pro cedures . Once the employee is decontaminated, the level of protection for personnel can usu all y be downgraded.
Toxic materials may enter the bod y through inhalation, ingestion , and absorption such as through the skin, eyes, mucous membranes, and breaks in the skin. Inhalation is the most common chemical exposure route for workers in indu strial acc idents. Some chemicals directly injure the lung tissue while others enter the bloodstream and are tran sported to vuln erable organs. Skin absorption also is a common exposure route and can be enhanced by burn s, breaks in the skin, heat, or moisture. The eye also is vulnerable to toxic vapors, mists, and gases. Ingestion can occur from accidental or intentional consumption or poor hygiene.
The likelihood and severity of adverse health effects, both local and sys temic, dep end on the toxicity of the chemical, route of expo sure , and nature and extent of exposure to the substance. The amount of chemical absorbed depends on the duration of exposure and the concentration to which the victim is exposed. The abso rbed dose is influenced by factors specific to the exposed vic tim, such as size of skin surface area exposed, presence of open wounds, rate and depth of respiration, preexisting medical conditions, age , previous chemical exposure s, and use of medications. As dose incre ases, the severity of the toxic response increases; this is called the dose re-sponse relationship (ATSDR, 1992) .
Cellular hypoxia, pulmonary edema, bronchospasm, cardiac arrhythmias, hypotension, hypertension, loss of consciousness, seizures, and chemical burns are a few examples of the health problems that can be precipitated in a high dose or prolonged chemical exposure. Super cold materials called cryogenics may cause severe frostbite and tissue destruction. Warning signs of exposure may include changes in respiration, changes in pulse and blood pressure, changes in level of consciousness, abdominal distress, visual disturbances, skin changes, changes in thirst or urination, acute pain, and alterations in central nervous system function, including behavioral changes. Symptoms may be immediate or delayed. Trauma or preexisting health problems also should be considered.
The minimal care to sustain life and victim extrication take place in the Hot Zone. During decontamination in the Warm Zone, a complete primary survey with priority to airway, breathing, and circulation, including hemorrhage control, spine immobilization, and oxygen administration, should be performed. Any equipment used, such as powered suction units, must be spark proof if flammable chemicals are involved.
Specific treatment modalities, supportive management, invasive procedures, and secondary triage are reserved for the Cold Zone. The occupational health nurse can perform secondary assessment as conditions allow, and treat presenting signs and symptoms as appropriate. These include monitoring and treating for shock, treating soft tissue injuries, and monitoring and treating cardiac arrhythmias according to current pro-
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ART I C L E tocols. Seizure precautions may be necessary. An IV may need to be established. Level of consciousness should be checked periodically. Intervention for multiple trauma injuries may be necessary. Because of the time delay that may result from assessing the scene and performing the rescue, immediate treatment of toxic exposure is essential. Some toxins with immediate life threatening capability have specific physiological antagonists (antidotes). Very few antidotes are available, however, compared to the number of chemicals in existence. The occupational health nurse should follow a previously developed employee care plan. The advantage of being a nurse in a fixed facility is the ability to identify in advance the hazardous materials and plan for the event of an exposure.
It is important to use at least three resources when designing an employee care plan. These should include: the Material Safety Data Sheet; on site resource personnel, such as chemists; the local Poison Control Center; toxicology references; and hazardous materials incident field references, such as Emergency Care for Hazardous Materials Exposure (Bronstein, 1988) . Computer based resources also are available.
VICTIM DECONTAMINATION
Secondary contamination is the transfer of material from the victim to personnel or equipment in or beyond the Hot Zone. In cases of ingestion, secondary contamination can occur from toxic vomitus and noxious gases emitting from the mouth. These toxic gases can result from the reaction of ingested materials with stomach acid, such as hydrogen cyanide from ingested cyanide salts, or be present in the victim's exhaled breath, such as with ethylene oxide.
Intimate personal contact, i.e., mouth to mouth, is not recommended for victims who pose a risk of secondary contamination. These include persons exposed to highly toxic liquids and solids, radioactive materials, and pathogenic biological agents. The occupational health nurse should plan, instead, to use a bag valve mask. Immediate victim decontamination is recommended. Substances with little or no risk of secondary contamination include gases, vapors (unless they condense to a liquid state on clothing or skin), and substances with no serious toxicity or skin absorption. When in doubt, decontaminate.
Decontamination is the procedure of eliminating, or reducing to a safe level, harmful substances on persons, victims, and equipment by personnel wearing chemical specific personal protective equipment (see Figure) . Hazardous materials response teams and some fire departments are trained and equipped to provide chemical decontamination, although response times of these teams vary widely. Some emergency medical services are capable of providing victim decontamination, but many are not. They should not be asked to transport a contaminated patient due to possible exposure of personnel in the vehicle. Medical air transport units, life flights, also decline transport of contaminated victims.
Fixed industrial facilities may have deluge showers with chemical process drains for chemical emergencies. Many occupational health care facilities also may be equipped with showers. It is essential to ensure that these facilities are in good working condition. Also, drains that are con- oxygen or allow the victim to rebreathe expired air (Bronstein, 1988) . Next, the occupational health nurse can proceed to decontaminate areas of skin injury, washing contaminant away from the wounds and covering them with water occlusive material such as plastic wrap to protect during the remaining procedure. Finally, it is important to decontaminate the remainder of the body.
Initial victim stabilization should be carried out at the same time as decontamination. If circumstances prevent complete victim decontamination, at least a gross decontamination should be done. The exact decon- be blotted using absorbent towels. The less chemical on the victim prior to application of water, the less chance for liquification with enhanced skin absorption. It is important not to apply water prior to clothing removal; otherwise, contaminant on the clothing will soak through to the skin. The occupational health nurse should start with the face and head. Then isolate the airway from inhalation exposure, using a bag valve mask device with an oxygen reservoir or a oxygen powered breathing device. It is essential not to allow the contaminated atmosphere to mix with the nected to sanitary sewers may be unacceptable for the runoff of a substantial number of chemicals due to waterway contamination and sewer off-gassing. The occupational health nurse should evaluate the ventilation in the facility, checking to ensure that chemical vapors and fumes are not pushed through the ventilation into other parts of the facility. A qualified engineer can help to determine the safety of the facilities.
Caring for a chemically contaminated employee requires the use of chemical protective clothing by all personnel, including first aid responders. The nurse should plan that in addition to vertical decontamination facilities (e.g., showers), horizontal victim decontamination facilities for the non-ambulatory victim also are available. For most chemicals, a mild lotion soap can be used to assist in the decontamination process. It is important not to use neutralizers or special solutions unless called for. Some chemicals can interact with neutralizers and produce an exothermic reaction that can result in thermal injury.
Tincture of green soap works well for many chemicals because the slight alcohol content helps remove hydrocarbon products and the pH is close to natural (Bronstein, 1988) . It is important to wash with soft sponges to avoid skin abrasion, which would enhance absorption and to use lukewarm, never hot, water. If only cold water is available, the occupational health nurse must be prepared to treat the employee for hypothermia.
The victim decontamination procedure begins with removal of all clothing, jewelry, and shoes at the scene. Dry contaminants can be gently brushed off. Heavy liquids should tamination procedure must be determined after eval uati ng the chemical involved and the events of the incident. Persons responsible for selecting the personal protective equipment and decontamination process must be trained to the First Responder Operations Level under OSHA 29 CFR 1910.120.
SELECTED CHEMICAL EXPOSURES
Following are some specific chemical exposures and specific nursing interventions critical during the emergency pre-hospital care.
Simple asphyxiants displace oxygen from the atmosphere. Nitrogen, carbon dioxide, natural gas, and argon are examples. They are a common hazard of confined spaces. Symptoms of exposure are due to hypoxia and include headache, giddiness, nausea, confusion, collapse, hyperventilation, seizures, and death. Treatment con sists of removal from the environment, administration of 100% oxygen, and provision of supportive care (Bronstein, 1988) .
Chemical asphyxiants such as cyanide, hydrogen sulfide, and carbon monoxide (CO), act systemically to interfere with oxygen delivery or use by cells . CO binds to hemoglobin and competes with oxygen for transport in blood. Symptoms and treatment are the same as simple asphyxiants.
Cyanide toxicity most commonly occurs from hydrogen cyanide (HCN) and cyanide salts (potassium cyanide, sodium cyanide, calcium cyanide) which can combine with acid to release HCN. Selected aliphatic nitrile compounds (acrylonitrile, acetonitrile, proprionitrile) and aliphatic thiocyanates
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can release cyanide by hepatic metabolism after absorption, resulting in delayed onset cyanide poisoning. Do not confuse "cyan" in a chemical word as necessarily having capability of generating cyanide. Cyanide is rapidly distributed by the blood throughout the body. It combines with the ferric (+ 3) iron in cytochrome oxidase in the mitochondria, which inhibits cellular oxygen utilization, by inhibiting adenosine triphosphate (ATP) effect. Acute poi soning can kill quickly and requires rapid intervention . Symptoms can occur within seconds of HCN inhalation, minutes after ingestion of cyanide salts, or be delayed up to 12 hours after ingestion or inhalation of cyanogenic glycosides, nitriles, or thiocyanates. Symptoms include faintness, excitement, drowsiness, prostration, tremors, convulsions, stupor, paralysis, coma, and death. Respiratory effects are tachypnea and dyspnea, progressing rapidly to respiratory depression with hypoventilation and apnea. Non-cardiorelated pulmonary edema can occur. Cyanosi s may be absent despite respiratory depression. Cardiovascular signs include transient hypertension with reflex bradycardia and sinus dysrhythmia, followed by tachycardia with hypotension and cardiovascular collapse (Bronstein, 1988) .
Treatment for cyanide exposure is removal from exposure, administration of 100% oxygen, provision of aggressi ve cardio-respiratory support, and administration of the only Food and Drug Administration (FDA) approved antidote, the Eli Lilly Cyanide Antidote Kit, for symptomatic cytochrome oxidase inhibition. Inhalation of amyl nitrite is used as a first aid measure until an IV is started. Then sodium nitrite and sodium thiosulfate are administered IV. The exposed area should be decontaminated if contaminated by liquid or powder. Ipecac induced emesis is contraindicated . Activated charcoal should be administered as soon as possible. Gastric lavage is of questionable value unless performed immediately after ingestion. Seizure precautions are needed (Bronstein , 1988) .
Hydrogen sulfide inhalation, another chemical asphyxiant, i s treated in a similar manner. However the third component of the Cyanide Antidote Kit (the sodium thiosulfate) is omitted (Bronstein, 1988) .
Corrosives cause visible destruction of human tissue on contact. They include acids and bases such as hydrochloric acid, sulfuric acid, and caustic soda. They cause upper airway burns and edema, circulatory collapse, and severe skin and eye burns. If ingested, they cause gastric perforation and peritonitis .
Symptoms are tachycardia , shock, dyspnea, pulmonary edema, stridor, and coughing. Mental confusion, blurred vision, and tremors may occur. Severe skin burn s, chemical conjunctivitis, and severe eye injury can occur.
If eyelid and globe are intact and without edema, an eye irrigation lens may be used . If difficulty is encountered on insertion, no further attempts should be made. Instead, flush the eyes with large bore IV tubing. If both eyes are affected, connect the tubing to an oxygen nasal cannula parked over the nose and direct the flow from the medial canthus outward. For ingestion, dilute with water. Avoid emeti cs. Cover skin burns with a dry sterile dre ssing after decontamination. Do not use neutralizers (Borak, 1991) .
Hydrofluoric acid is a particularly agg ressive materia l. Con centrations of more than 50% cause immed iate severe, throbbing pain , and a whitish discoloration of the skin, which usually forms blisters. Solution s from 20% to 50 % may produ ce pain and swelling, wh ich may be delayed up to 8 hour s. Solution s of less than 20% cause almos t no immediate pain on co ntact, but may cause delayed serious injury 12 to 24 hour s later. System ic effec ts can include fatal hypocalcemia , hypomagnesem ia, and hyperkalem ia. Cell destru ction, local bone dem ineralizati on, cardiac arrhythmias, fasciculations, seizures, and dea th can occur.
Rapid decontam ination for liquid , so lution, or cond ensed vapors is critical. Ca lcium gluco nate gel is then applied to the skin to mitigate the effects of hydrogen fluor ide by providing calcium to bind the fluoride ion. Aqueo us quatern ary ammon ium or magnesium containing so lutio ns also are used. For treatment of exposu res of 50 % or greater concentration, ca lcium gluconate is injected under the skin as well. In inge stion , do not induce eme sis or ad min ister activated charcoal. Give water, milk, or 2 to 4 ounces of antaci d (Borak, 1991) .
Organo p hosp ha te s an d carbama tes inac tivate choli nesterase with resulting co ntinued acti vation of ace tylc holine in the syn apse. Signs and symptoms are salivatio n, la crimation, urin at ion, diarrhe a, diaphoresis, eme sis; also, headache, diz ziness, weakness, pinpoint pu-MAY 1995, VOL. 43, NO.5 CE ART I C L E pils, ge nera lized paral ysis, fasciculations, and bizarre beh avior occur. Inhalation may be an impor tant entry route , but skin absorption, which can be fatal, is the most common. Solvent ca rrie rs such as toluene or xylene also are often pre sent. Treatment includes high doses of atropine immedi ately and careful monit orin g of the employee for adverse effects . Treatment for organophosphate exposure is then followed by 2-PAM HCl, which must be given within 48 hours (Borak, 1991 ) . 2-PAM HCI is omitted in carbamate exposure.
Aro matic hyd rocarbons such as benzene, toluene, and xylene, are found in solvents, degreasing and cleaning produ cts, and insecticides . Expo sure affects the central ner vous, hem atopoietic, and immune systems. They also increase cardiac irritability. Death due to ac ute benzene expo sure has been attributed to asphyxia tio n, respiratory arrest, central nervous sys tem depr ession, or ca rdiac dysrhythmi a.
Tr e atm ent fo r ex pos ure is supportive and symptom ati c, including oxygen administr ation. If ingested, possible pulm onary aspiration of gas tric contents ca n occur. Eme sis can be indu ced if it is less than 1 hour since ingestion and no central nervous system signs or respiratory depression are present. Endogenous epin ephrine from intense physical activity or administratio n of sympathomimetic dru gs such as bronchodilator s, ca techola mines, or dopamine ca n precipitate irreversible ventricul ar arrhythmia .
UNKNOWN EXPOSURES
In the event of an unkn own exposure, the occ upational health nurse should try to identify the hazardous material as soon as possible. Once the product is known, the occ upation al health nurse can consult previously obtained resources for care recommenda tio ns. The teleph on e numb er of the Poison Control Center should be easi ly accessible.
In the event that the name of a chemical is omitted from a Materi al Safety Data She et and subst ituted with " proprietary," the nurse or physician is provided acc ess to that information through requirements in the OSHA Hazard Communication Standard , 29 CFR 1910.1200. In the event of an emergency in which a victim of the product is i nvo lv e d, th e m anufa ctu re r is obliged to reveal the name of the offending che mical agent to the nurse or physician who must, in turn, guarantee co nfidentiality.
Without ch emical identification, treatment is supportive. Worst case assumptions concerning toxicity must be adopted. Both severe local effects and sys temic effec ts should be assum ed . With inges tio n, th e o ccupat ional health nur se should not indu ce vomiting, but dilute with 4 to 8 ounces of water if the person is co nscious and a gag reflex is present (ATSDR, 1992) .
DELAYED EFFECTS
Some toxic exposures may not present acute signs and symptoms, but instead have delayed onset with latent effects. A few examples are chlorine, so lvents, pho sgene , hydrofluoric acid, and ethylene glycol. The occupational health nurse must keep in mind the potential for delayed onset of hazardous materials exposure effects.
Pulmona ry edema may not show up for 12 to 24 hours or longer. Cancer, cardiom yopathy, neuropath-ies, reproduct ive system damage, and other organ damage are other possibilities. Organophosphate can produce delayed onset neuropathy or a paralytic condition known as "inte rmed ia te sy ndro me" (ATS DR, 1992 ).
SUMMARY
An ac ute c he m ica l expos u re cha nges the rul es normall y followed when responding to emergencies . The time to decide how to handle a hazardous materials emergency is before the event occ urs. Plannin g for hazardou s material s spec ific to each faci lity is necessar y CE AR T I C L E 
NURSE PRACTITIONER OCCUPATIONAL HEALTH
Th e University of Wisconsin Hospital and Cli nics (UWHC) has an immediate opport unity for a Nurse Practi tioner to join our close-kn it employee health team (PYL 23439).
Thi s highl y visib le department has a track record of acco mplishment and service to our more than 5,000 e mployees and offers an enviro nme nt of co llaborative practice that supports the independ ence of the nurse practitioner. In this position, you will have an integral role in the dep artmen t's clini cal practice, and also in edu catio nal out reach , research and depart mental ad minis tration and planning.
Th e qualified candidate will have a Bachelor's degree and Master's deg ree in Nursing, 3 years of rele vant clinical (RN) experience, an RN license in the State of Wisconsin and certi fication as an adult or fam ily nurse practition er. Specific educati on in occ upatio na l health , post-mas ter's experience and/o r ex perience in occupationa l health is very des irable.
UW HC will offer a competitive salary and an excellent benefits package. Another plus is that we are located in Madison , Wiscon sin, an outstanding co mmunity with quality schoo ls and many cultural, recreational and edu cational opp ortunities and activities.
For co nsidera tion, on PYL 23439, please submit your resum e to: Jenifer T. Rauch, UW Wiscon sin has an ope n reco rds law.
For more information, circle #4 
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